A factorial experimental design method was used to examine the "Cu 2+ " removal from acid mine drainage wastewater by ion exchange technique. Ion Exchange technique is preferred because of reduced sludge generation compared to conventional treatment techniques and better decontamination efficiency from highly diluted solutions. Factorial design of experiments is employed to study the effect of four factors pH (3, 5, and 6), flow rate (5, 10, 15 L/hr), resin bed height (20, 40 and 60 cm) and initial concentration of the metal (100, 150 and 200 mgl -1 ) at three levels. The efficiency of metal removal was determined after 100 min of treatment. Main effects and interaction effects of the four factors were analyzed using statistical techniques. A regression model was recommended and it was found to fit the experimental data very well. The results were analyzed statistically using the Student's t-test, analysis of variance, F-test and lack of fit to define most important process variables affecting the percentage "Cu 2+ " removal. In this study, pH was thus found to be the most important variable.
Introduction
Acid mine drainage (AMD) continues to be an important water pollution problem in mining industry around the world. When sulphide/pyretic minerals are exposed to the atmosphere, in presence of water oxidation of sulphide produces sulphuric acid and releases heavy metals and other pollutants to the drainage. When sulphide minerals are processed in mineral processing units releases acidic effluents and also contains some other toxic substances, which are used in mineral processing. Further, the mill tailings amount to about 90% of ore is dumped in tailing impoundments and seepage from these impoundments can be source of acid mine drainage. AMD is often characterized by low pH water with elevated concentrations of iron, sulphates and heavy metals of varying composition dependent upon the originating mineral deposit types. The metal load is of greater concern than the acidity in the terms of environmental damage [1] [2] [3] [4] [5] . An hazardous feature of AMD is that its sources may remain active for decades or even centuries after mine closure [6] . Both operating and abandoned polymetallic sulphide mining sites are often active sources of AMD.
Several techniques such as chemical precipitation, oxidation, reduction, coagulation, solvent extraction, and adsorption have been commonly employed for the removal of metal ions. A review of treatments have been presented by Gaikwad and Gupta (7) . Among these, ion exchange has been found to be efficient and economically feasible as a wastewater treatment operation. Several adsorbents can be used to remove metal ions, including activated carbons, alumina, silica, bentonite and peat. Yi et.al. [8] [9] [10] has also studied the removal of inorganic metal ions namely cadmium, cobalt, zinc, silver, copper, mercury, chromium and lead from aqueous solution by using different adsorbents. Ion exchange resins with improved sorption capacity as well as adsorbents may have advantages over such non-specific adsorbents [11] . In this regard, ion exchange resins hold great po-tential for the removal of heavy metals from water and industrial wastewater [12, 13] .
In the present study, Indion 730 cation exchange resins were used for the removal of copper from aqueous solution. In a multivariate experiment, all of the important variables are changed during each run of trials. The need for this arises because the variables often interact with each other. For example, if pH conditions are optimized at one concentration, this work may have to be repeated if it is subsequently found that a different concentration works better.
In a multivariate approach, variation of concentration is included in the first round of experiments. This will show the best direction to move within the multidimensional space defined by the major variables. There are several important problems with the conventional approach of changing only one or two variables in a run. Several experimental runs have to be conducted in order to find the optimum point. In cases where variables must be changed in large steps, the optimum may not be found at all. The factorial design would reveal the effect of the interaction of process variables and improve optimization process. The relative importance of all the factors can be evaluated simultaneously with less number of experiments [14] [15] [16] . Flow rate, pH, initial concentration of metal solution and resin dosage are important parameters in ion exchange. Thus in the present study, capacity of Indion 730 to remove "Cu 2+ " was investigated by varying these factors at three levels. Interaction between these factors were studied and optimization done.
Materials and Methods

Ion Exchange Resin
The anion exchange resins Indion 730 (supplied by Ion Exchange India Limited, India) used in this study are used for the removal of heavy metal. Their physical properties and specifications are presented in Table 1 .
Preparation of Cu (II) Solution
A stock solution of "Cu 2+ "(1000 mgl -1 ) was prepared by 
Column Study
The four factors initial concentration of "Cu 2+ ", pH, flow rate and resin dosage are varied at three levels as shown in the Table 2 . For each run, 25 litres of the "Cu 2+ " solution was passed through the column made of glass at 5 litres per hour for 100 minutes. The height and diameter of the column was 100 cm and 5 cm respectively. Samples were analysed using Chemito 201 make atomic absorption spectrophotometer at a maximum wavelength of 324.8 nm. Eighty one experiments with all possible combinations of variables were conducted and a matrix was established according to their high, middle and low levels, represented by +1, 0 and -1, respectively.
Results and Discussion
The percent removal was defined as
where Co is initial concentration and Ce is the final concentration of the metal in the solution. The results were analyzed using MINITAB 14 for windows. The main effects and interaction between factors were determined. The effect of a factor is the change in response, here, percentage of metal removal produced by a change in the level of a factor, pH, flow rate, initial concentration of "Cu 2+ " or bed height, from lower to higher level.
The codified model employed for 3 4 factorial designs was η = A0 + A1X1 + A2X2 + A3X3 + A4X4 + A5X1X2
where A0 represents the global mean and Ai represents the regression coefficient corresponding to the main factor effects and interactions. The effects, regression coef- ficients, standard errors, and P are shown in Table 3 . The main effects represent deviations of the average between high and low levels for each one of them. When the effect of a factor is positive, percentage removal increase as the factor is changed from low to high levels. In contrast, if the effects are negative, a reduction in percent removal occurs for high level of the same factor. Figure  1 shows .the main effects of the four factors on percentage metal removal. Substituting the regression coefficients in equation (2) 
Student's t-test
The Pareto chart (Figure 2) gives the relative importance of the individual and interaction effects. Student's t-test was performed to determine whether the calculated effects were significantly different from zero and these values for each effect are shown in Pareto chart by horizontal columns. For a 95% confidence level and eighty degrees of freedom t-value is equal to 5.
Analysis of Variance (ANOVA)
In Table 4 the sum of squares used to estimate the factors' effects and F-ratios are shown. The effects are statistically significant when P-value, defined as the smallest level of significance leading to rejection of null hypothesis. Based on the student's t-test and F-test, few interaction effects which seem insignificant compared to other effects, were neglected and the effects, regression coefficients, standard error, t and p-value were recalculated with remaining variables. Resultant values are shown in Table 5 For the reduced model ANOVA and F-test and were performed and results of ANOVA are given in Table 6 . Interaction plot of effects is shown in Figure 3 . Lack of fit associated elimination of few factors was F = 0.88. Therefore, these factors did not have statistical significance. The residues should also be examined for normal distribution. Figure 4 shows normal probability plot of residual values. It could be seen that the experimental points were reasonably aligned suggesting normal distribution. Plot of percentage removal versus residual (Figure 4) indicated the outliers if any. 
Effect of pH
pH plays a major role in removal of "Cu 2+ ". As indicated in Table 3 , shows that pH has a significant effect. Increase in pH from 3 to 5 increases the adsorption efficiency by about 10%.and then increase in pH from 5 to 6 decreases the adsorption efficiency by about 5%. pH equal to 5 favours adsorption of metal on Indion 730.
Effect of Bed Height, Flow Rate and Initial
Concentration of Metal
Adsorption rate increase, as expected, with increase in adsorbent dosage. Increase of resin dosage i.e. bed height from 20 cm to 60 cm, increases adsorption rate by 7%. This is due to the fact that increases in adsorbent dosage increase area available for adsorption. Also as expected increase of initial concentration decrease adsorption rate.
Increase from 100 to 200 mgl -1 result in decrease of removal efficiency by 40%. At higher concentration, adsorption efficiency decrease due to saturation of all adsorption sites. Apart from these linear effects of the parameters used, the interaction between these parameters gives better explanation of the process. As mentioned above F-test and student's t-test were used to study the interaction effects.
Interaction plot (Figure 3) clearly indicates strong interaction between initial concentration of metal, pH ,bed height and flow rate. The % metal removal is found to be maximum at pH equal to 5. When pH is increased from 3 to 5, removal efficiency increases from 20% to 27% at 20cms bed height and 32 to 36 % at 60cms bed height. That is the effect of pH is high when the dosage is low, but at higher dosage pH effects are not that much high. Similarly at low concentration, metal removal efficiency was only 44 and 54% at 20cms and 60cms bed height, respectively. But at higher initial concentration, 200 mgl -1 , change bed height from 20 cms to 60cms increases metal removal efficiency by 12%, i.e. from 8 to 20%. Similarly change in bed height produced 3% and 5% decrease in percentage metal removal at lower and higher flow rates respectively. Also change in pH from 3 to 5 produced 14% and 7 % increase in percentage metal removal at lower and higher initial concentration respectively.
Conclusions
The results of present study clearly show that ion exchange process is effective in removal of "Cu 2+ " and can provide solution for removal of such metals from acid mine drainage waste. Up to 64 and 28% metal removal could be achieved in 100 minute contact from aqueous solutions with initial concentrations 100 and 200 mgl -1 , respectively. For 100 mgl -1 solution maximum "Cu 2+ " removal 64% achieved with 5 pH, 60 cm bed height and 5 LPH flow rate. Like wise for 200 mgl -1 solution maximum "Cu 2+ " removal was achieved with 5 pH, 60 cm bed height and 5 LPH flow rate The most significant effect was found to be pH. Then, resin bed height and initial concentration of "Cu 2+ " interaction and pH-initial concentration of Cu(II) interaction were also found highly important.
